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A large number of orthopaedic casualties
during the 1914-1918 war attracted the at..
tention of various scientists towards the
evaluation of range of motion at joints.
Gifford (19141 ) was the first who specially
designed goniometers to measure movement
at the elbow, forearm, ankle and the foot.
Following this, innumerable contributions
have been made on this subject.
As far hack as 1919, Nutter realized the
importance of joint measurement as an aid to
reconstructive surgery; Rosen (1922) recog-
nized its value as a guide to evaluate the
degree of disability in offering compensations
to industrial workers; Knapp and West
(1944) stressed the importance of objective
records in boosting the morale of an im-
proving patient or as a guide to stop or alter
the treatment for a patient who fails to show
any improvement; its importance to a phy-
sician, a physical therapist and a patient was
stressed by Moore (1949).
Although innumerable instruments and
methods have been designed for various joint
measurements, objective evaluation of range
of movement at the cervical spine, because
of its anatomical disposition and the freedom
of movement it allows in all the planes and
axes, has al"rays been 80 much of a problem
that Dorinson and Wagner (1948) recom-
mended recording the limitation of motion at
cervical spine as fractions of a normal motion.
Only a few authors have included head
motions in their studies (Glanville and
Kreezer, 1937; Leighton, 1942, 1955, 1956,
1957; Hupprich and Sigerseth, 1950; Blan-
chard and Kottke, 1953; Buck, Dameron,
Dow and Skowlund, 1959; Benett, 1963;
Defibaugh, 1964; Colachis and Strohm,
1965) •
We present a simple, handy, cheap and
harmless instrument which can give rela-
tively accurate and reliable results. The in·
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strument designed is based on the gravity
goniometry and pendular principle, exclud·
ing the estimation of a particular joint axis.
THE INSTRUMENT
To minimize inherent error due to con-
struction, special care and attention was given
to its easy and firm adaptability to any head
shape, wide range of adjustment and accurate
evaluation of reading in degrees on a pro..
tractor.
The instrument named "Cervical Goni..
ometer" consists of three parts or segments
(Fig. 1) :
(a) Holder or securing segment.
(b) Central adjuster or adjusting segment.
(c) Protractor-pendulum or evaluating seg..
ment.
FIGURE 1
The instrument, showing velcro chin strap.
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Holder Part
A P.V.C. ring which forms the head hand
of a mirror used by E.N.T. specialists was
chosen as a basic securing segment as it can
he easily moulded and fitted to the shape of
any head. The original square plate fixed to
the ring hy four screws was retained, but the
circular knob was replaced by a %'211 brass
strip, 1'1 X :1", fixed at 90° to the square plate
with a hole to secure central adjusting part
(Figs. 2, 3).
SQUARE PLATE
BRASS STRIP
FtG:2. HOLDER PART
<FRONT VIEW)
FIGURE 4
Central Adjuster Part (front view).
facilitate recording of the readings. An "h"
shape metal strip (length posterior 11", an·
terior !", bridge l") was fitted at the centre
of base line of the protractor. A freely mov-
able weighted metallic pendulum 3~6" long,
fixed to the centre of a short axis (length ill,
diameter i") pointed at both the ends, like an
axis of the balance wheel of a clock, could he
secured between two grooves, drilled one on
the plate securing protractor and the other
on the adjusting screw (Fig. 5). This adjust-
ing screw either allows free movement of
the pendulum or stops its movement at any
desired reading. The movement of the pen-
dulum is thus limited to the plane parallel
PROTRACTOR WITH
ITS ATTACHMENTS
RACTOR
GROOVES
o
/
PENDULUM
POINTED
AXIS
FIGURE 5
Protractor Pendulum Part.
o
." ~~~'~~i';\,jl.~~~j i'l
FIG~3. HOLDER PART
(SIDE VIEW)
Central Adjusting Part
The adjusting part consists of two -1"
aluminium strips, 1" x i'l, with two adjust..
able screws to secure the holder part above
and the protractor-pendulum part below,
forming hinge joints with both the parts,
allowing movements only in a plane perpen..
dicular to the axis of these hinge joints
(Fig. 4) ..
Protractor-Pendulum Part
A plastic protractor, reading 1800 with a
six inch base line, was painted white to
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to the protractor. The total weight of the in-
strument is sixty..five grams.
METHODS OF MEASUREMENT
Movement of the head on a frontal axis
and sagittal plane is taken as flexion/exten-
sion, that on a sagittal axis and frontal plane
as lateral flexion, and the movement on a
vertical axis and horizontal plane as rotation.
Neutral Position
Before taking any measurement, attainment
of an exact "neutral position" in relation to
the movement is essential to minimize possible
error. Neutral position for measuring all
movements was standardized as follows:
The subject sits or lies in a relaxed manner
with the eyes looking directly forward. Before
starting to take any reading this neutral
position is checked further; the pointer, or
pendulum, should he vertically perpendicular
and lying exactly on the 90° mark on the
protractor. This 90° mark on the protractor
coincides with the neutral position and zero
reading.
For the measurement of each head move-
ment the position of a subject needs to be
carefully stabilized to localize the movement
at head. Any extra cervical motion is to
he excluded by proper manual stabilization
especially at the extreme of each movement.
Character oj the Movement
All the movements measured were active
movements performed hy the subject without
any extra efforts at the end of the movement
or assistance from the investigator.
During our initial trials, the range of moved
ment appeared to be increased after repeating
the movements, so the subject was asked to
practise relaxed free head movements before
starting the measurements. All the movements
were accurately recorded in degrees on the
protractor. To ensure free range of movement
any jewellery and tight clothing was removed
at the beginning of the trial.
MEASUREMENTS FOR EACH MOVEMENT
Flexion/Extension
Starting position: sitting in arm chair, sac-
ral and scapular areas touching the hack of
the chair, arms relaxed over the arm rests and
head and neck projecting above the upper
limit of the hack of the chair, feet flat on the
floor. The instrument is fastened so that the
P.V.C. ring of the holder is level with the
attachment of the ears to the head. The ad..
juster part and the pointer were exactly
vertical over the condyler process of the man-
dible in front of the external auditory meatus
(Fig. 7).
Movement: After checking the neutral
position, the subject is instructed to bend his
head forward (Fig. 6). Ask the subject to
relax in this position and take the reading.
From flexion, instruct the subject to hend
his head backward as far as possible. Ask the
subject to relax in this position and take the
reading (Fig. 8).
FIGURE 6
Flexion.
FIGURE 7
Neutral position for measurement
of flexion and extension.
FIGURE 8
ExtensiQD.
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Caution : Forward arching of the chest and
shoulders during flexion and backward arch-
ing during extension is to be watched and
prevented, if necessary by passive manual
support.
Lateral Flexion
Starting position: As for flexion/extension
except that arms are extended to grasp the
back legs of the chair, to avoid raising of the
shoulder girdle at the end of range (Fig. 9).
The instrument was fastened so that the centre
of the holder part rests at the central point
in between the eyebrows, the adjuster part
being perpendicular over the midline of the
nose with pointer over the midline of the
glabula (Fig. 10). Alternately, it can be fitted
posteriorly, where the centre of the holder
part is adjusted exactly over the union of the
external occipital protuberance, the adjuster
part and the pointer vertically perpendicular
over the midline of the cervical spine.
Movement: After checking the neutral
position, the subject is instructed to bend his
head to the side, either right or left, as far
as possible. Record the reading (Fig. 11).
Repeat the reading to the other side.
Caution: Raising of the opposite shoulder
to enhance lateral flexion, as well as tendency
to rotate head during side flexion needs to be
watched and prevented.
Rotation
Starting position: Supine on a table, neck
resting on a soft folded towel, to avoid hyper-
extension, and arms by sides. The instrument
is secured as described for the posteriQr
position for measuring lateral flexion. The
adjuster part and the pointer are at 90° to
the holder (Fig. 12). If the forehead slopes,
a chin strap with velcro may be necessary to
prevent the holder part from slipping (Fig. 1).
After checking the neutral position, the
subject is instructed to turn his head either
to left or right as far as possible; ask the
subject to relax in the position of maximum
rotation. Note down the reading on the pro-
tractor (Fig. 13). Repeat the procedure to the
other side.
FIGURlE 9
Position for measurement of
lateral flexion.
FIGURE 10
Neutral position for measurement
of lateral flexion.
FIGURE II
Lateral flexion.
Aust.l.Physiother., XXIV, 1, March, 1978
CERVICAL GONIOMETER 17
Caution: Raising of the opposite shoulder
or rotation of the thoracic spine must he pre..
vented by proper stabilization.
FIGURE 12
Neutral position for rotation.
FIGURE 13
Rotation.
ADVANTAGES AND DISADVANTAGES
The instrument is simple, handy, eco..
nomical, harmless and easy to operate and
manufacture. It can he effectively applied to
the people with different head shapes and
head dimensions with precision, and does not
interfere with the joint movements. As the
readings are recorded in the degrees on a
protractor, a high degree of objective ac-
curacy can be achieved with careful hand-
ling.
Clinical trials may bring forward any dis-
advantages it may have. At present the only
disadvantage appears to be that the procedure
is somevlhat time-consuming. Also, it evaluates
only the generalized range of each movement
at the neck and intervertebral limitation of
movement cannot be assessed with it.
The preliminary trial of the instrument
was carried out on ten students, five males
and five females between twenty and twenty..
five years of age. Measurements were taken
by adopting the procedure descrihed earlier.
The investigator took five consecutive read..
ings of a particular movement. The suhject
was asked to relax for five minutes and the
procedure was repeated hut this time the
readings were taken by another observer.
Measurements were recorded for all the three
basic movements by the same procedure. Thus
each movement had ten readings, five by the
investigator and five by the co-investigator,
on each of ten subjects, or one hundred read-
ings for each movement. Care was taken to
be sure that no subject had had any ailment
to restrict the mobility of the neck.
ANALYSIS OF DATA
To determine the objectivity and reliability
of the procedure, the mean range, standard
deviations and the Fisher "t" values were
worked out for the readings recorded by in..
vestigator (a) and the co-investigator (b) as
presented in Table I.
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TABLE 1
MEANS, STANDARD DEVIATIONS AND FISHER "t" VALUES OF 10 SUBJECTS MEASURED BY
THE AUTHOR (a) AND BY ALTERNATE OBSERVER (b)
Mean DifferenceMovement Observer between S.D. t(Degrees) faJ and (b)
----
FLEXION a 59.6 8.8
2~5 1.41
b 62.1 8.6
EXTENSION a 76.3 8.9
1.4 0.82
h 74.9 8.1
LATERAL FLEXION
Right a 48.2 6.8
0.0 0.04
b 48.2 7.3
Left I 47.5 5.4a
1.1 0.81
b 48.6 7.1
ROTATION
Right a 64.1 5.2
1.9 1.62
b 66.0 6.4
Left a 66.2 7.5
2.0 1.57
b 68.2 4.8
The values obtained by both the investi-
gator and the co-investigator can he com..
pared very favourably. Maximum difference
in the readings is only 2.5 degrees in the
range of flexion. The same holds good as far
as standard deviation and Fisher "t" values
are concerned. Thus the reliability of the
testing procedure is highly acceptable.
Comparative Studies
With instruments based on the principle of
gravity and pendulum seven different authors
have reported their studies on this subject..
Except for Glanville and Kreezer (op .. cit.)
and Defibaugh (op. cit) none have reported
all the six basic neck movements.
Glanville and Kreezer, in the standardization
of their basic neutral position, used the
caudal surface of the mandible perpendicular
to the long axis of the trunk, which is very
difficult to determine accurately. In the Head
Goniometer designed by Defibaugh, a plastic
Aust.l.Physiother., XXIV, 1, March, 1978
mouthpiece is held between the teeth by the
subject while testing is carried out. Steady
holding of an object between the teeth is not
easy for everyone and the slightest movement
between the teeth may lead to a considerable
error in the reading. Also artificial dentures
or badly aligned teeth may pose problems in
maintaining the accuracy of measurements.
Our instrument is secured firmly to the
head; hony prominences and the prominent
facial features are taken as guidelines;
the subject does not have to take an active
part in holding an instrument in position.
These factors reduce the possibility of err{)r
caused by the slipping of an instrument. The
protractor used in our instrument is six inches
as against three-inch protractor used hy
Defibaugh; the increased ease in recording
the readings facilitates accuracy.
Comparison of the findings of this pre-
liminary study (J) with two earlier complete
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studies by Glanville and Kreezer (G) and
Defibaugh (D) is presented in Table 2. As
regards the movements of flexion and lateral
rotation, the findings of this study do not
show a difference of more than 10° from
either of the earlier studies. In extension
there is a difference of 4.40 from the findings
of Defibaugh, and 14,,4° from those of Glan-
ville and Kreezer" This latter can be explained
because scapular abduction in the prone
position, as used by Glanville and Kreezer,
limits head extension more than it does in
sitting, in our study and that of Defibaugh.
SUMMARY
A simple, inexpensive, handy, but ob-
jectively reliable instrument, the "Cervical
Goniometer" , hased on the principle of
gravity and pendulum, has been presented.
The methods of measurement of neck flexion,
extension, lateral flexion and rotation have
been described. The results of the preliminary
investigations carried out on 10 normal
students have been evaluated and compared
with the earlier studies.
TABLE 2
COMPARISON OF MEAN DEGREES OF NORMAL CERVICAL MOTIONS OBTAINED BY
GLANVILLE & KREEZER (G), DEFIBAUGH (D) WITH RESULTS OF THIS PRELIMINARY
STUDY (J)
Glanville Defibaugh Present Study
10 Males 30 Males 5 Males
Movement 20~40 Years 20..40 Years 5 Females
(G) (D) 20~25 Years(])
FLEXION 59.8 57.9 60.8
EXTENSION 61.2 79.2 75.6
LATERAL FLEXION
Right 39.4 48.8 48.2
Left 42,.9 46.1 48.0
ROTATION
Right 77.2 32..4 65.1
Left 77.8 85.6 67.2
The only significant variation of about 110
less than the values obtained by Glanville and
Kreezer and abo-ut 18° less than those ob-
tained by Defibaugh, is noticed in the move-
ment of rotation to both sides. More emphasis
on the localization of the movement to
cervical spine by passive stabilization of the
shoulder girdle while the subject rotates his
head to either side, and the placinK of a
folded towel under the neck to check hyper-
extension, may be possible reasons for this
significant difference in range. However, this
can be confirmed only by testing on a good
number of subjects.
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EDITOR'S NOTE.-Jayant Joshi's Cervical Goni..
ometer has since won the Meritorious Invention
Award of the National Research Development Cor-
poration of India.
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